Background and Purpose-Within clinical trials, stroke patients allocated to receive organized inpatient (stroke unit) care are more likely to survive, return home, and regain independence than those allocated to conventional care. However, there are concerns that the benefits seen in clinical trials may not be replicated in routine practice. We carried out a systematic review of observational studies of stroke unit implementation. Methods-We searched (up to January 2006) MEDLINE, EMBASE, CINAHL, Cochrane Library, British Nursing Index, Cochrane Stroke Group register, and recent conference abstracts for observational studies that compared the outcomes of stroke patients managed in a stroke unit versus non-stroke unit care. We excluded studies that did not describe either matching for baseline prognostic factors or adjustment for case-mix characteristics. The primary outcome was death within 1 year. We also recorded poor outcome (death, institutional care, or dependency). Data analysis used the generic inverse variance method in Revman 4.2. Where raw data were provided, effect sizes and variances were calculated accordingly. We used a random-effects model and explored for sources of heterogeneity. Results-We identified 72 articles describing stroke unit outcomes; 25 were eligible for review; and 18 provided data on case fatality or poor outcome. Stroke unit care was associated with significantly reduced odds of death (odds ratioϭ0.79, 95% CIϭ0.73 to 0.86; PϽ0.00001) and of death or poor outcome (odds ratioϭ0.87, 95% CIϭ0.80 to 0.95; Pϭ0.002) within 1 year of stroke. Results were complicated by significant heterogeneity (PϽ0.05), mainly in single-center studies. Conclusions-Although these results are complicated by potential bias and heterogeneity, the observed benefit associated with stroke unit care in routine practice is comparable to that in clinical trials.
O rganized inpatient (stroke unit) care has been shown to be effective in randomized trials, wherein patients who were managed within a stroke unit were more likely to survive, return home, and regain independence. 1 However, commentators have pointed out that stroke unit care is a complex intervention, 2 and there may be difficulties implementing stroke unit care in routine practice. 3 First, stroke unit care has many facets that may be difficult to reproduce. Second, the conditions under which randomized trials are carried out are unusual and may not be easily replicated in routine practice. Given that the establishment of stroke units has become an important healthcare policy, it is important that we confirm their impact in routine practice.
A number of observational studies have addressed the question of whether the expected beneficial effects of stroke unit care can be observed in routine practice. These have produced apparently mixed results; some investigators have been unable to demonstrate successful implementation of the benefits of stroke unit care, 3 whereas other studies have concluded that stroke unit care was either effective 4 or effective but to a lesser degree than in the randomized trials. 5 In view of these varying reports, we carried out a systematic review of observational studies that have measured the effects of stroke unit care in routine clinical settings. In doing so, we had to be aware of potential confounding factors within this type of observational study, 6 in particular, the potential impact of patient case mix.
Methods
Our primary hypothesis was that in routine clinical settings, admission to a stroke unit would be associated with improved clinical outcomes even after accounting for potential confounding factors such as patient age and stroke severity. Our secondary hypothesis was that the size of this estimate would vary with the methodological quality of the study. We implemented our systematic review according to MOOSE guidelines for meta-analysis of observational studies. 6 
Study Criteria

Type of Study
We included any observational study that allowed a comparison of care in a stroke unit (or units) with non-stroke unit care. This could include a cross-sectional survey, a controlled before-and-after study, a controlled (parallel-group) comparison, or a case-control design. We aimed to include studies that had either clearly demonstrated good matching of prognostic factors at baseline or had carried out an adequate case-mix adjustment during their analysis. The setting of the study (eg, multicenter or single center) and the type of patient matching and case-mix adjustment were recorded but not used as exclusion criteria.
Type of Intervention
We used a very broad definition of organized inpatient (stroke unit) care: namely, an area of a hospital dedicated to stroke patient care that was provided by a multidisciplinary team of stroke specialists. Where possible, we also recorded the type of stroke unit care according to the definitions previously described 1 and the setting in which the stroke unit service was provided.
Type of Comparison
We aimed to identify studies in which the comparator group was the absence of stroke unit care. We therefore excluded studies that compared 2 different types of stroke unit care. The type of comparator service was recorded but not used as an exclusion criterion.
Type of Participants
We included studies that had recruited patients with a clinical diagnosis of stroke. In instances where the stroke unit service had recruited a mixed patient group, at least 80% had to have a diagnosis of stroke.
Type of Outcomes
The primary outcome was death, but we also recorded poor outcome (death, failure to be discharged home, or failure to regain independence in daily activities). Our primary aim was to identify outcomes at the end of the scheduled follow-up (within 1 year), but we also anticipated some longer-term follow-up studies (Ͼ1 year).
Search Strategy
We used a range of approaches to identify appropriate studies. First, we undertook searches of computerized databases by using search strategies developed by an information specialist (see Appendix) using the key words "stroke unit," "outcome," "stroke outcome," and "stroke service." The databases searched included MEDLINE, EMBASE, CINHAL, the Cochrane Library, and the British Nursing Index. We also checked the reference lists of included articles. No language restriction was used. In addition, we searched the Cochrane Collaboration Stroke Group Trials Register. Finally, we reviewed recent conference abstracts, including the meetings of the American Stroke Association, European Stroke Congress, and British Geriatrics Society from 2000 to 2005. The searching was completed in January 2006. Two independent reviewers screened titles and abstracts to decide on study eligibility and extract data from the included studies. Any disagreements were resolved through discussion.
Data Analysis
Data analysis used case-mix-adjusted outcome data (usually expressed as odds ratios and 95% CIs). In instances where raw data were provided, the effect size and variance were calculated accordingly. The statistical analysis used the generic inverse variance approach to combine log odds ratios and standard errors. We used a random-effects model and explored for sources of inconsistency (I 2 ) and heterogeneity. Revman 4.2 software was used in this analysis.
All available data were included in the primary analysis. Subsequent subgroup analyses were planned according to the type of study (multicenter versus single center), degree of case-mix adjustment, type of article (fully published versus abstract only), type of stroke unit, different levels of stroke severity, and different stroke types (infarct or hemorrhage).
Results
The review profile is shown in Figure 1 . A total of 25 reports were included, of which 7 did not present any useable outcome data (Table 1) . Of the 25, 18 were from northern Europe, 3 from Mediterranean countries, and 1 each from North America, Central Europe, and Asia. The 18 reports with useable data included 12 reports (10 224 participants) of 10 single-center studies (before-and-after or controlled cohort design) and 6 reports (32 012 participants) of 6 multicenter cross-sectional studies. The 7 reports without useable data all reported trends or significant improvements in outcome associated with stroke unit care ( Table 1) .
Death
The main analysis by death recorded within 1 year of follow-up is shown in Figure 2 . Stroke unit care was associated with an odds ratio for death of 0.79 (95% CIϭ0.73 to 0.86, PϽ0.00001) with substantial inconsistency (I 2 ϭ45.5%) and significant heterogeneity (Pϭ0.02). The main source of heterogeneity appeared to be within singlecenter studies. Focusing on multicenter studies alone produced a similar result (odds of deathϭ0.82, 95% CIϭ0.77 to 0.87, PϽ0.00001) without significant inconsistency (I 2 ϭ0%) or heterogeneity (Pϭ0.46). Death recorded after Ͼ1 year of follow-up was available for 4 studies 9,10,14,22 and showed an odds ratio of 0.82 (95% CIϭ0.69 to 0.97, Pϭ0.02) with substantial inconsistency (I 2 ϭ63.7%) and significant heterogeneity (Pϭ0.04).
Poor Outcome
The main analysis for the number of patients failing to return home or failing to regain independence is shown in Figure 3 . Those managed in a stroke unit showed a reduced odds of death or poor outcome (odds ratioϭ0.87, 95% CIϭ0.80 to 0.95, Pϭ0.002). Once again, there was inconsistency (I 2 ϭ55%) and significant heterogeneity (Pϭ0.005), which was more evident in single-center studies.
Subgroup Analyses
Of the 6 planned subgroup analyses, 2 (effect of different types of stroke unit; infarct versus hemorrhage) were not possible because of a lack of information. The remainder are 
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shown in Table 2 . The only statistically significant subgroup effect was with publication type, for which full journal publications had a smaller effect size than did those published in abstract form only. Within all subgroups, there was a statistically significant reduction in the odds of death associated with stroke unit care. The improved survival with stroke unit care was still present when the analysis was restricted to full publications of multicenter studies, 5,19 -23 for which the odds ratio was 0.82 (95%ϭCI 0.77 to 0.87, PϽ0.00001).
Discussion
The potential therapeutic benefit of organized (stroke unit) care has been recognized for several years. 1 Within clinical trials, patients who were managed within a stroke unit were more likely to survive, return home, and regain independence in everyday activities. 1 However, implementing a complex intervention such as stroke unit care is not a straightforward process, and there has always been a concern that without the particular circumstances of a clinical trial, stroke unit care may be less effective. For instance, under the conditions of a clinical trial, one might expect to have an expert and motivated multidisciplinary team staffing the stroke unit, which may not be easily replicated in routine practice. Alternatively, the establishment of a new stroke unit for the purposes of a clinical trial may strip expertise from conventional-care settings. This current review confirms that in observational studies comparing outcomes of stroke patients managed in the stroke unit as opposed to a non-stroke unit setting, stroke unit care was associated with reduced odds of death and reduced odds of poor outcome (death, institutional care, or dependency). The results were complicated by significant heterogeneity but remained statistically significant, even when restricted to the most conservative estimates from full-publication reports of multicenter studies. Furthermore, the effect size for reducing the odds of death (odds ratioϭ0.79) is remarkably close to that of the clinical trials. 1 Overall, despite the potential problems in the available data, these results appear to corroborate those of the clinical trials.
The main strength of our analysis is that we focused on observational studies in routine clinical practice. The results are likely to reflect routine clinical care, particularly in those multicenter studies that covered a large number of hospital sites. Our systematic review was carried out according to recognized guidelines, 6 and we went to considerable length to identify reports, regardless of their publication characteristics. We had a preplanned approached in exploring for sources of heterogeneity and used recognized statistical methods to handle such data. Table 1 for details.
The main weaknesses in our study concern both the imprecision around the definition of stroke unit care and the very real possibility of publication bias with observational studies. Publication bias is likely to be an important factor, particularly in single-center studies, and this possibility is supported by the observed subgroup effect around publication type ( Table 2 ), such that reports published in abstract form only had a significantly different effect size from those reported as full publications. However, even when we focused only on full-publication reports of those studies least likely to be subject to publication bias (multicenter studies), we would still conclude that admission to a stroke unit is associated with improved clinical outcomes.
A number of issues remain unresolved. Previous multicenter studies 5 have suggested that the benefits of routine stroke unit care may not apply to those with more severe stroke (reduced consciousness on admission). In this review, we had limited information to explore such interactions, although the information available suggested that the benefit of stroke unit care in reducing case fatality was similar between those with lesser or greater stroke severity. Similarly, we did not have sufficient information to explore whether stroke units benefited those with different stroke types. It is notable that within the clinical trials, stroke unit care appeared to benefit a broad range of stroke patients. 1 In summary, the observed benefit associated with stroke unit care in observational studies of routine practice is comparable to that observed in clinical trials. These observations cannot be explained by the potential methodological limitations of the studies. Future emphasis should be placed on defining more exactly the important characteristics of stroke unit care and ensuring that they are implemented widely.
